An empirical model of equatorial electron density in the magnetosphere has been developed, covering the range 2.25 < L < 8. Although the model is primarily intended for application to the local time interval ~00-15 MLT and to situations in which global magnetic conditions have been slowly varying or relatively steady in the preceding ~20 hours, a way to extend the model to the 15-24 MLT period is also described. The principal data sources for the model were (1) electron density profiles deduced from sweep frequency receiver (SFR) radio measurements made along near-equatorial ISEE 1 satellite orbits and (2) previously published results from whistlers. The model describes, in piecewise fashion, the "saturated" plasmasphere, the region of steep plasmapause gradients, and the plasma trough. Within the plasmasphere the model profile can be expressed as logne = E.vi, where xl = -0.3145L+ 3.9043 is the principal or "reference" term, and additional terms account for (1) a solar cycle variation with a peak at solar maximum, (2) an annual variation with a December maximum, and (3) a semiannual variation with equinoctial maxima. The location of the inner edge of the plasmapause (outer limit of the plasmasphere) Lppi is specified, with some qualifications, as Lppi = 5.6-0.46KPmax, where KPmax is the maximum Kp value in the preceding 24 hours. The plasmapause density profile is described as logne =1ogne (Lppi This is apparently due to the strong influence of the nightside plasmapause formation process, the effects of which are felt over much of the dayside following delays associated with the Earth's rotation. Structured regions of dense plasma of plasmaspheric origin are known to appear in the afternoon-evening sector at radii larger than those of the "main" plasmasphere. These are believed to be the more extended and/or outlying features of the plasmasphere bulge that have previously been reported; they are not represented by the present model.
INTRODUCTION
This is a progress report on the development of an empirical model of equatorial electron density in the magnetosphere. Such a model is needed in studies of propagation and wave-particle interacfion phenomena and of the physics of the coupling between the ionosphere and overlying regions. Useful theoretical and empirical models of total plasmasphere density have been developed in recent years [e.g., Chiu et Moore et al., 1987] . In the present work we consider the L range 2 < L < 8, thus covering the plasmasphere at L >~2 (typical plasmapause locations) and major portions of the region beyond.
The work draws upon two large, complementary data sets: the ISEE 1 electron density data acquired over a multiyear period along orbits near the magnetic equator, and whistler data acquired during various intervals since 1957. Comparisons between ISEE 1 in situ electron density measurements and the whistler probing In the case of ISEE 1, the data consist of values of electron density scaled at ,-,32-s intervals from information on either the local upper hybrid resonance (UHR) or the local plasma frequency, in the manner described by Mosier et al. [1973] and Gurnett et al. [1979] . Figure 1 shows examples of ISEE 1 profiles acquired on four outbound dayside passes during 1983. The successive profiles for days 215, 217, and 219 (orbital period -,,57 hours) illustrate a transition from a profile containing a. well-defined plasmapause at L ,-,3 (day 215) to an extended and apparently high-density plasmasphere on day 219. Five days later, on day 224, following renewed disturbance activity, a well-defined plasmapause was again indicated.
In the case of whistlers, most of the data sources are published reports based upon the application of standard analysis methods [e.g., Park, 1972 ] to cases in which the time of the whistler-causing radio atmospheric could be directly identified on the records. Figure 2 shows an example of whistler data recorded over a 7.5-year period from 1957 through 1964 [Park et al., 1978] . The quantity illustrated is proportional to whistler travel time at 5 kHz on paths near L=2.5. As such it provides a measure of tem- Geomagnetic-storm-associated changes in the electron density profile of a saturated plasmasphere usually consist of (1) decreases by factors of up to 3 at locations within the outer plasmasphere Smith and Clilverd, 1991] and (2) decreases by factors of up to two orders of magnitude at locations beyond any newly formed plasmapause, such that the affected region becomes part of the plasma trough. Both types of density decrease tend to occur beyond some L shell, the value of which (R.A.) for purposes of documenting plasma distributions at magdepends upon the intensity of the disturbance activity. Thus in the netic latitudes less than ,,045 ø. For purposes of studying density outer plasmasphere, the saturated profile tends to lie above any levels, a subset of the profiles or profile segments was selected empirical plasmasphere profile that is obtained from averaging for which the magnetic latitudes were less than ,,030 ø. Most of data acquired under a wide range of magnetospheric conditions. In these cases were from 1977, 1982, and 1983. For purposes of esspite of this difference, the levels corresponding to the saturation timating plasmapause locations, all of the available profiles were condition are expected to be well defined in any large data set used. As a practical matter, only those segments of a profile such as that from ISEE 1. At low L shells, a quasi-equilibrium along which the number density dropped by a factor of 5 or more with the ionosphere, and hence saturation, is achieved relatively within AL <0.5 were considered as candidates for identification quickly after a disturbance, while at higher L, saturation levels as a plasmapause. tend to be well defined in a data set that is extensive enough to The ISEE electron density data were not adjusted downward to cover the later stages of quiet periods. At such times the daily account for expected differences between actual off-equatorial obincrements in flux tube electron content tend to be constant or serving positions and the equator. Within the plasmasphere, most declining [Park, 1974] and thus give rise to progressively smaller such adjustments would be less than ,,020%, and in the plasma fractional changes in the total content. trough less than ,,030%. The estimated effect of full corrections
The plasma trough as we define it represents the low-density on the plasmasphere portion of our model would be a downward outer region as it is first observed at various local times following revision of the profile by less than 10% without an appreciable disturbance, and hence prior to significant recovery. It therefore change in the profile slope. In the trough region, any changes represents conditions near the beginning of a disturbed period, in would be small compared to the variations from orbit to orbit and contrast to the saturated plasmasphere, which (particularly at high to the observed diurnal variation. L values) tends to represent conditions near the end. The trough is exemplified in Figure 1 by the portions of profiles 215 and 224 The Saturated Plasmasphere: General Properties between L ~3.3 and 7.5.
The density gradients at the plasmapause (dlogne/dL at the equator) were expected to be steepest and hence most readily identitled in the hours following a sustained increase in disturbance activity. This expectation, while consistent with certain theoretical ideas about the plasmapause [e.g., Richmond, 1973; Lemaire, 1975 Lemaire, , 1985 The plasmapause radius as a function of MLT was not expected to be easy to model. Early in a disturbed period, the instantaneous configuration of the plasmasphere should be difficult to predict, being heavily dependent upon the initial plasmasphere shape and upon the spatial and temporal distributions of convection activity. At later stages, predictions should be easier, to the extent that the plasmasphere configuration is predominantly an integral measure of the preceding convection activity and not the result of instabilities acting in concert with convection, as Lemaire [1975] has suggested. During such later periods the influence of the starting topology should become less important, and the effects of the spatial and temporal structure in the convection fields should be reduced due to integration along the trajectories of plasma elements.
An initial survey of individually plotted ISEE 1 profiles revealed much large-scale structure beyond the innermost identifiable plasmapause in the ,,o15-24 MLT sector. This was not surprising, in view of earlier work on the duskside bulge phenomenon Higel and Wu, 1984] and on outlying dense plasma structures in the afternoon-evening sector [Chappell et al., 1971; Chappell, 1974; Taylor et al., 1970] . Thus it was decided to develop an initial model that would be primarily applicable to the period ~00-15 MLT and to discuss extension of the model to the 15-24 MLT range in a special section. Gringauz and Bezrukikh [1976] . This asymmetry, reported as an L difference in plasmapause location of ,,., 1.6 during quiet and moderately disturbed conditions, was found to decrease with increasing magnetic activity. Its lack of appearance in Figure 7b is attributed in part to our emphasis upon a particular profile steepness critierion for identifying a plasmapause position; our results appear to favor dayside observations made in the aftermath of plasmapause formation on the nightside. We believe that plasmasphere topology is more complex than many available descriptions would suggest (see, for example, the case studies by Corcuff and Corcuff [1982] ) and can only be properly understood through empirical and modeling studies of dynamical processes.
DEVELOPMENT OF AN EQUATORIAL

The Plasmapause: Electron Density Profile
As a preliminary basis for describing the plasmapause density profile, 62 "clean" or "smooth" cases were selected from the total of 208 cases in which a plasmapause had been identified. The criterion for selection was that irregularities not be present within the region of steep density gradients (the development of a clean, as opposed to an irregular, plasmapause profile appeared to depend upon the occurrence of a comparatively fast and smooth buildup in convection activity, as indicated by the Kp index). Cases were rejected in which the slope between successive data points reversed sign from negative to positive, or in which a "plateau" or constant level wider than about 150 km (the approximate separation between successive data points) occurred between plasmasphere and trough levels. Figure 8 shows five examples of smooth plasmapause profiles on an expanded time scale; a sixth example, case D, exhibits a large irregularity at midlevel in the profile as well as irregular structure in the outer plasmasphere and in the nearby trough region.
The parameters of the plasmapause scaled were the inner and outer L limits Lppi and Lppo, which determine the total plasmapause thickness or width ALpp and the corresponding fractional density drop A log he. From this the scale width App, the distance in L or in kilometers at the equator within which the electron density varies by a factor of 10, were determined from App = ALp/.,/A log n,.
In some cases there was uncertainty in identifying the inner and outer limiting data points of the plasmapause profile, but the corresponding uncertainty in the determination of App tended to be less than ~30%. When obvious, this uncertainty usually occurred as the result of small-scale ~30-50% structure in the outermost plasmasphere. In many cases, such as A, B, E, and F in Figure 8 , the limiting points were well-defined, while in some others, such as case C, a change in the identification of the plasmapause inner limit, and hence of ALpp, produced a change of similar sign in A log ne and thus only a small effect on App. 
where Lppi is determined from considerations of plasmapause location, and ne(Lppi) from relation (2) of discontinuous changes along some curve in local time-L space. That curve might begin at ~ 19 MLT at the plasmapause and move to earlier magnetic local times with increasing L. Under nighttime conditions prior to 24 MLT, the plasmapause scale width should be the same as the value specified for the postmidnight period. In this premidnight region the density scale factor for the trough may increase at the rate of 300 el cm -3 per hour as indicated in (6) but with its minimum immediately following the "day-night" transition.
FURTHER DEVELOPMENTS OF THE MODEL
Planned further developments include model description in terms of continuous functions, such as those proposed by Gallagher and Craven [1988] . Further refinements will include estimates of the profile beyond L=8 and extensions of the basic model to the 15-24 MLT sector.
Challenging problems lie ahead. There is a need to study and model the dynamics of the plasmasphere, including the temporal evolution of the profile from disturbance onset to recovery, the development of irregular structure at and near the plasmapause, and the structure, location and motion of outlying cold-plasma features. The afternoon-dusk sector requires special attention; ob-in quiet time plasmaspheric electron density, determined from whistler mode group delays, Planet. Space Sci., 39, 1059, 1991. Corcuff 
